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(54) Method and apparatus for connecting networks 



(57) Node c, which is connected by two different pro- 
tocols, that is, the IEEE 1 394 as a line transmission sys- 
tem and the radio transmission system, becomes the 
bus manager through bus arbitration, and allocates ID 
to each of nodes a to d in the network. In data transmis- 
sion, the transmission rate informing part in node c in- 
forms each of nodes a to c of the maxjmum rate in the 



radio transmission system. The communication proce- 
dure converting part and the signaling type converting 
part in node c convert into the communication procedure 
and the signaling type suitable for the radio transmission 
system, and transmit the converted data to node d in the 
radio network through a communicating part for trans- 
mission system B, thereby enabling real time data trans- 
mission. 
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Description 

Background of the Invention 

Field of the Invention: 

The present invention relates to a method and ap- 
paratus for connecting networks suitable for enabling 
signal transmission even when the network system is 
configured between equipment connected with a line 
transmission system such as IEEE 1394, which is ca- 
pable of an isochronous transmission of signals from a 
plurality of equipment, and equipment connected with a 
radio transmission system, different from the former 
system. 

Related Art Statement: 

Recently, digital processing of images has been dis- 
cussed. Generally, digitization of video signals gener- 
ates a large amount of information, and transmitting or 
recording this information without compressing it is dif- 
ficult because of transmission speed, cost or the like. 
Consequently, in transmitting or recording video signals, 
some technique to compress images is indispensable, 
and various plans for the standardization of techniques 
have been discussed. For animations, the MPEG (Mov- 
ing Picture Experts Group) system has become stand- 
ardized. 

Especially, the MPEG2 system is most widely used 
as a standardized system for image compressing, and 
it is decided to adopt this system for digital broadcasting 
in the United States and Europe. Decoders correspond- 
ing to this MPEG standard as merchandise have been 
supplied as the MPEG decode board and mounted on 
computers and the like. 

With the improvement in image compressing tech- 
niques, development in equipment for the digitai image 
has also progressed. There have been merchandise of 
not only the digital VTR but also of the decoder for digital 
broadcasting (digital set top box), of the digital videodisc 
player (hereinafter referred to as DVD)' and the like. 

As digitization reduces degradation in transmission 
and recording of images, it advantageously regenerates 
images in high quality. Considering this advantage, a 
preferable configuration for each piece of digital video 
equipment would be that it have a digital interface which 
enables not only the conventional analogue inputting/ 
outputting but also the inputting/outputting of digital sig- 
nals as they are. With the digital interface provided, vid- 
eo data can be dealt with simply as digital data. Mutual 
conversion becomes possible not only for video equip- 
ment, but also for computers, enabling data transmis- 
sion. 

For apparatus provided with digital interface, in or- 
der to enable mutual data transfer with all the digital vid- 
eo equipment and computers, adoption of a unified in- 
terface system has been considered. To make it usable 



not only for digital video equipment but also for the com- 
puter system, the adoption of the standards of SCSI or 
RS232 is possible, for example. However, since the 
transmission rate of SCSI or RS232 is extremely low, it 

5 is impossible to transmit video data which require to 
keep a transmission rate over several Mbps (bit/sec- 
ond). Besides, video data, unlike computer data, needs 
to be transmitted periodically (also called isochronous 
transmission) in real time. These interface systems can- 

io not be adopted for video transmission. 

This being the case, at present, a high-speed inter- 
. face system suitable for video data is under considera- 
tion by the council of digital interface VTR and at R4.1 
of E1A, a U.S. council of TV (Advanced TV) decoder. 

is Particularly, the IEEE (Institute of Electrical and Elec- 
tronics Engineers) 1394 system, which has the iso- 
chronous transfer (also called synchronous transfer) 
function, is being adopted as the post SCSI system. 
On this IEEE 1 394 system, the 1 394 Trade Associ- 
20 ation (also called 1394TA) has taken a leading part in 
the works to standardize and extend the system. This 
transmitting system, enables, at the same time, iso- 
chronous communication and is especially effective for 
video transmission. Consequently, AV apparatus man- 
2 $ ufacturers also participate in the standardizing work 
positively. 

Such anticipated IEEE 1 394 system is described in 
detail on pages 1 52 to 1 63 under the title of 'Comparison 
of Three New Interfaces, searching design concept for 

30 post-SCSI' of Nikkei Electronics 1994. 7. 4 (No. 612) 
(Reference 1 ). As reported on and after page 161 of the 
article, the basic use of the IEEE 1 394 is for computers, 
but because that it has the isochronous transfer function 
provided, this system is also more effective for video da- 

3$ ta than other interface systems are. Data of animation 
or sound are transferred by this system periodically with- 
out fail, and regenerated data never become strained. 

The IEEE 1394 also has a function to set topology 
automatically (refer to pages 155 to 159 under the title 

40 of Automatic Setting of Topology' of Reference 1 ). IEEE 
1394 resets the following; the connection of devices, 
confirmation of connecting relation of each device at 
non-connected time or at the time of power-source- 
throwing-in, setting of membership among devices and 

45 id setting of each device. That is, in contrast to the to- 
pology of SCSI which can be only daisy-chained, the 
IEEE 1 394's can also form a tree configuration to enable 
to connect a plurality of devices. 

Suppose the IEEE 1 394, which is particularly effec- 

50 tive for video transmission as described above, is stand- 
ardized and put to practical use, it is possible to config- 
ure a network connection of a plurality of devices con- 
nected by a transmission configuration such as IEEE 
1394, and different transmission configuration to form a 

55 network system. In other words, it would be a network 
system configured by connecting two different proto- 
cols. 

In such a network system, if one side is a plurality 
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of devices connected in the IEEE 1394 transmission 
configuration, to the other side, a plurality of devices are 
connected in another transmission configuration of a dif- 
ferent protocol. In this case, in order to connect two dif- 
ferent protocols, one device out of the plurality of devic- 
es must be connected by two different protocols. That 
is, the device to be connected in such a way is required 
to have a function to perform signal transmission in both 
protocols. 

However, ordinary connecting devices are not pro- 
vided with such a function for performing signal trans- 
mission in both protocols. In brief, even though network 
connection is done, real time signal transmission to both 
sides is impossible. 

For example, in the IEEE 1394, performing arbitra- 
tion, by using the automatic setting function of topology, 
instantly determines the membership among various 
devices; out of a plurality of connected devices, one be- 
comes parent and other devices become children. At 
this time, if a device which is connected by a different 
protocol is the parent device on the IEEE 1394 side, the 
parent device and devices connected by the other pro- 
tocol are connected by a transmission configuration oth- 
er than the IEEE 1394. 

If the radio system protocol is adopted as a trans- 
mission system other than IEEE 1 394, while, in the IEEE 
1394, the high-speed real time transmission of anima- 
tion data is possible at the maximum transmission ca- 
pability of 100 - 400 Mbps, the transmission capability 
of the radio transmission system is as extremely low as 
a mere several Mbps. Consequently, while real time da- 
ta transmission is possible with the devices connected 
in the IEEE 1394, real time data transmission from the 
parent device to other devices through radio system pro- 
tocol is impossible because of the differences in trans- 
mission capability and in the packet size for transmis- 
sion. 

Further, as described above, in addition to the dif- 
ference in protocols on both sides when the devices are 
connected in different transmission configuration on 
each side, the controlling method to control the node ID 
(identification number allocated to each device) also dif- 
fers. 

For these reasons, ordinary methods of and appa- 
ratus for connecting networks are incapable of two-way 
real time transmission of data as they are. Because, 
when a network is configured by connecting the IEEE 
1394 (line transmission system) with the radio transmis- 
sion system of a different protocol, there are, besides 
the differences in protocol on both sides, differences in 
the methods to control the node HD, or in the packet size 
at the time of data transmission. Thus, there has been 
a problem for ordinary methods and apparatus for con- 
necting networks that a network system using the IEEE 
1 394 and the radio transmission system cannot be con- 
figured. 



Objects and Summary of the Invention: 

An object of the present invention is to provide an 
apparatus for connecting networks, which enables two- 
5 way real time data transmission even when a network 
system is configured between a plurality of devices con- 
nected in the IEEE 1394 ; a line transmission system, 
and a plurality of devices connected in the radio trans- 
mission system of a different protocol. 

to Another object of the present invention is to provide 
a method of connecting networks, which makes config- 
uration of network bus possible to enable two-way real 
time data transmission even when a network system is 
configured by connecting a plurality of devices connect- 

is ed by two different protocols of the IEEE 1394 (line 
transmission system) and the radio transmission sys- 
tem respectively. 

According to the present invention, there is provid- 
ed an apparatus for connecting networks comprising a 

20 communicating means which is able to communicate in 
either protocol of a first and second transmission sys- 
tems whose protocols are different; a communication 
capability informing means for informing a device con- 
nected with at least one of said first and second trans- 

25 mission systems of that communication is possible with 
a device connected with the other transmission system; 
a transmission rate informing means for informing a de- 
vice connected with the other transmission system of 
the transmission rate based on at least one of said first 

30 and second transmission systems; a communication 
procedure converting means for converting the commu- 
nication procedure based on at least one of said first 
and second* transmission systems into the communica- 
tion procedure based on the other transmission system; 

35 and a signaling type converting means for converting 
the signaling type based on at least one of said first and 
second transmission systems into the signaling type 
based on the other transmission system. 

Other features and advantages of the present in- 

40 vention will become clear from the following description. 

Brief Description of the Drawings: 

Fig. 1 is a block diagram of a network system con- 
45 figured by incorporating an apparatus for connect- 
ing networks according to the present invention; 
Fig. 2 is a block diagram of an embodiment of an 
apparatus for connecting networks according to the 
present invention; 
50 Fig. 3 is a flow chart showing a procedure to connect 
networks by using an apparatus for connecting net- 
works shown in Fig. 2; 

Fig. 4 is a block diagram, showing another embodi- 
ment of an apparatus for connecting networks ac- 
ss cording to the present invention; 

Fig. 5 is a flow chart showing a method of connect- 
ing networks by using an apparatus for connecting 
networks shown in Fig. 4; 
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Fig. 6 is a block diagram showing nodes of devices 

connected to the IEEE 1 394 network; and 

Fig. 7 is an explanatory drawing for explaining the 

transmission condition between the IEEE 1394 

transmission system and the radio transmission 5 

system. 

Detailed Description of the Preferred Embodiments 

Figs. 1 to 3 illustrate an apparatus for connecting io 
networks, which is configured in accordance with an em- 
bodiment of the present invention. Fig. 1 is a block dia- 
gram of a system showing an example of connecting 
network systems with the incorporated apparatus. Fig. 
2 is a block diagram illustrating a concrete configuration is 
of an apparatus for connecting networks. Fig. 3 is a flow 
chart which illustrates an example of control operation 
of the apparatus. As for a concrete example of two dif- 
ferent protocols, embodiments of the present invention 
describe as follows; for one transmission system, the 20 
IEEE 1394 network of The IEEE 1 394 Standard is em- 
ployed as line transmission system, and the employed 
for the other transmission system is the radio transmis- 
sion network, such as IrDA (infrared transmission). 

As shown in Fig. 1 , the transmission system A, be- 25 
ing a line transmission configuration, is the IEEE 1394 
network to which a plurality of devices are connected. 
The devices connected are, for example, device a, de- 
vice b, and device c. Each of these devices is provided 
with a respective node which is required for the device 30 
to execute communication functions in the IEEE 1394 
system. Consequently, in the following description, the 
devices with nodes of the IEEE 1394 will be described 
as follows; device a will be described as node a, device 
b as node b, and the device c as node c. 35 

The transmission system B, being a radio transmis- 
sion configuration, is the infrared transmission network 
such as IrDA. To the infrared transmission network, 
node c, which is connected to the IEEE 1394 network, 
and the device d are connected. Although not shown in 40 
the figures, other devices may be connected to it. Device 
d is provided with a node which is necessary to make 
the device execute the functions required for the infrared 
transmission system. Similarly, the device with the node 
of the infrared transmission system, device d, will be de- <*5 
scribed as node d. 

Therefore, when network connection is done with 
two different protocols, as shown in the figure, node c is 
configured to be connected with both the transmission 
system A and the transmission system B. As a result, so 
node c is provided with communication functions to per- 
form data communication in each of both transmission 
systems; the communication functions in the IEEE 1394 
and the communicating functions in, for example, the 
infrared transmission system. Node c is also provided ss 
with communication functions capable in both transmis- 
sion systems in order to realize real time data transmis- 
sion between two different protocols. This communica- 
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tion function of node c is what this embodiment aims at. 
Node c is configured to function, as a device for con- 
necting networks. 

In Fig. 2, a concrete circuit configuration of node c, 
the apparatus for connecting networks, is illustrated. 

As shown in Fig. 2, in node c, a communicating part 
1 for transmission system A is incorporated as a first 
communicating means. The communicating part 1 for 
transmission system A has the IEEE 1394 communica- 
tion function to communicate in the network system con- 
nected with a transmission system of IEEE 1394 (the 
transmission system A), and by using this communicat- 
ing function, data communication based on the IEEE 
1 394 system becomes possible. That is, among the de- 
vices connected by IEEE 1 394, besides data transmis- 
sion at high rate becoming possible, node ID, which is 
necessary for assigning devices to make them perform 
data transmission, is automatically allocated. Also the 
network configuration is automatically determined. 

Node c, as stated above, is further provided with a 
communicating part 2 for transmission system B as a 
second communicating means to communicate among 
devices connected to the radio network (the transmis- 
sion system B) which is a different protocol. That is, the 
communicating part 2 for transmission system B 2 has 
functions required for data communication based on the 
radio transmission system. Thus, node c uses the infra- 
red transmission configuration of the transmission sys- 
tem B as well as devices connected to the IEEE 1394 
network to enable data communication with the devices 
connected with the transmission system B by network 
connection. 

Furthermore, in node c, which is configured in ac- 
cordance with this embodiment of the present invention, 
a communication capability informing part 3 is provided 
as shown in the figure. This communication capability 
informing part 3 generates information to inform the oth- 
er nodes a and b in the IEEE 1 394 network that node c 
has the communication function to communicate with 
the radio network, and supplies the information to the 
communicating part 1 for transmission system A. When 
other nodes, node a and node b, receive this informa- 
tion, node a and node b can recognize that node c has 
the function to communicate with the radio network. 

A transmission rate informing part 4 detects the 
maximum transmission rate which the radio network can 
transmit from the radio transmission function of the com- 
municating part 2 for transmission system B, or detects 
the size of data transmissible at a time, and informs 
node a and node b in the IEEE 1 394 network of the de- 
tected results. In this way, all the nodes connected to 
the IEEE 1394 network, including node c, recognize the 
maximum transmission rate in the radio transmission 
system, the transmission system B. 

When node c actually performs data transmission 
to node d of the transmission system B which is a dif- 
ferent protocol, the data received through the commu- 
nicating part 1 for transmission system A are supplied 
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to each of a communication procedure converting part 
5 and the signaling type converting part 6. That is, the 
communication procedure converting part 5, after the 
process of converting the communication data of the 
IEEE 1394 into a suitable communication procedure for s 
the radio network, supplies the data to the communicat- 
ing part 2 for transmission system B. The signaling type 
converting part 6, after the process of converting the 
supplied data from the signaling type of the IEEE 1394 
communication data (e.g., the format of packet) into a 10 
suitable format for communication data in the radio net- 
work, supplies the data to the communicating part 2 for 
transmission system B. 

Therefore, conversion of the IEEE 1 394 communi- 
cation data, by the communication procedure convert- 
ing part 5 and the signaling type converting part 6, into 
the signaling type and the format suitable for data trans- 
mission in the radio transmission system makes data 
transmission possible tor node d : which is connected to 
the radio network, by way of the communicating part 2 20 
for transmission system B. 

Next, a detailed description will be given on the op- 
eration of the apparatus for connecting networks shown 
in Fig. 2 with reference to Fig. 3. In this embodiment of 
the present invention, data communication from the 2s 
IEEE 1394 network to the radio network will be de- 
scribed. 

First, the procedure to connect the radio network to 
the IEEE 1394 network is discussed. As shown in Fig. 
3, on the IEEE 1394 network side., to begin with, the 30 
IEEE 1 394 communication function of the communicat- 
ing part 1 for transmission system A reconstructs the 
bus on every occasion such as the throwing-in of power 
source or occurrence of an increase/decrease of nodes 
at the time of connecting/disconnecting nodes, and de- 35 
termines the bus configuration. That is, in a plurality of 
devices, the node ID of each node and the root node 
are determined. Then, out of a plurality of nodes a, b, 
and c one node becomes the bus manager. In this ex- 
ample, node c is assigned for bus manager. 40 

After that, node c, as bus manager, performs nec- 
essary preparation for data communication according to 
the procedure based on The IEEE 1 394 Standard to get 
in functional condition. 

Meanwhile, on the radio network side, node d is 4 & 
connected with node c, througrUhe radio transmission 
system B and the communicating part 2 for transmission 
system B in node c in the IEEE 1394 network. Conse- 
quently, node d and node c are connected as a radio 
network by the radio communication function provided so 
in the communicating part 2 for transmission system B 
in node c, and at the same time, get into functioning con- 
dition as a radio network (step S1 , step S2). 

At this time, the network function of node c makes 
nodes a and b in the IEEE 1394 network or nodes to ss 
manage and control the IEEE 1 394 network (though not 
shown in the figure, in case a plurality of nodes are pro- 
vided in addition to nodes a and b) recognize, through 
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the communication capability informing part 3, that node 
c has the function to communicate with the radio net- 
work (step S3). Simultaneously, node c makes nodes a 
and b or nodes to manage and control the IEEE 1394 
network recognize, through the transmission rate in- 
forming part 4, the maximum transmission rate, which 
is transmissible by the radio network, or the size of data 
which can be transmitted at a time (step S4). 

With the operations stated above, each node in the 
IEEE 1394 network, shown in Fig. 1, recognizes the 
maximum transmission rate of the radio network and 
completes the preparation for data communication with 
node d in the radio network. In this case, data commu- 
nication with the radio network must be performed 
through node c. 

Now, suppose data communication is performed 
from node a or node b for node d. Node a or node b 
outputs the communication data based on the recog- 
nized transmission rate. The communication data di- 
rected to node d from node a or node b is received as 
communication data of the IEEE 1 394 by the communi- 
cating part 1 for transmission system A of node c 
through the IEEE 1 394 transmission system. 

After that, the communication data of the IEEE 
1394, which is received by the communicating part 1 for 
transmission system A (the communication function of 
the IEEE 1394), is converted into the communication 
procedure suitable for the radio network by the commu- 
nication procedure converting part 5, and is converted 
by a signaling type converting part 6 into the format suit- 
able for communication data of the radio network from 
the packet format of the IEEE 1 394 communication data 
(step S5, step S6). 

Specifically, generation of signals for start/termina- 
tion of communication or conversion is performed at the 
communication procedure converting part 5, and gen- 
eration or conversion of values to be stored in the packet 
header or conversion of packet format is done at the sig- 
naling type converting part 6. 

Then, the communication data, after being convert- 
ed by the communication procedure converting part 5 
and the signaling type converting part 6 into the packet 
format and the communication procedure suitable for 
the radio network, are sent by the communicating part 
2 for transmission system B, then, transmitted to and 
received by node d in the radio network through the ra- 
dio transmission system (step S7). 

Thus, it becomes possible to perform real time data 
transmission from the nodes in the IEEE 1394 network, 
through the radio transmission system, to the nodes in 
the radio network of a different protocol. 

A4though the description in this example is given on- 
ly in transmitting communication data from the nodes in 
the IEEE 1 394 network to the nodes in the radio net- 
work, a reverse case can also be dealt with. That is, the 
procedure to enable transmission of communication da- 
ta from the nodes in the radio network to the nodes in 
the IEEE 1394 network is: replacing the transmission 
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system A for the radio network, the transmission system 
B for the IEEE 1 394 network, and node c performing the 
communication procedure converting process and the 
signaling type converting process. Data communication 
becomes possible as described above. s 

Therefore, according to this embodiment of the 
present invention, the nodes to perform data communi- 
cation in the IEEE 1394 network are able to recognize 
the maximum transmission rate in the radio transmis- 
sion system by being informed of by the transmission io 
rate informing part 4 of node c. Thus, the nodes to per- 
form data communication can transmit data at the rate 
based on the maximum rate recognized. Even if some 
data in the IEEE 1 394 are sent, the communication pro- 
cedure converting part 5 and the signaling type convert- *5 
ing part 6 of node c, the bus manager, convert the com- 
munication data of the IEEE 1394 into the communica- 
tion procedure and the data format both suitable for the 
radio transmission configuration to enable isochronous 
transmission by the protocol based on the radio trans- 20 
mission system. As a result, even in a network system 
connected to different protocols, real time data commu- 
nication becomes possible. 

Now, in the embodiment of the present invention, it 
is described that the data communication from the IEEE 2S 
1 394 network to the radio network is possible. With the 
apparatus for connecting networks which is configured 
in accordance with the present invention, two-way and 
real time data communication is also possible. Such an 
embodiment of the present invention is illustrated in Fig. 30 
4. 

Fig. 4 shows another embodiment of the present in- 
vention on the apparatus for connecting networks. This 
figure is a block diagram to illustrate a concrete circuit 
configuration of node c as the apparatus for connecting 35 
networks. 

In this embodiment of the present invention, node 
c has been improved than in the embodiment. In addi- 
tion to the components of node c, the configuration of 
node c has been provided with the transmission rate in- 40 
forming part 4b, the communication capability informing 
part 3b, the identification information converting part 7, 
the displaying part 8, the connection condition confirm- 
ing part 9, the connection condition confirming part 10, 
the controlling part 11, the transmission band ensuring 45 
part 12, and the transmission signal selecting part 13. 
Thus, this node c has enabled two-way data communi- 
cation. This is the point which differs from the embodi- 
ment of the present invention. 

As shown in Fig. 4, a communicating part la for so 
IEEE 1394 is almost the same as the communicating 
part 1 for transmission system A in Fig. 2. That is, it has 
the communication function to meet The IEEE 1394 
Standard. A communicating part 2a for radio communi- 
cation is also almost the same as the communicating ss 
part 2 for transmission system B shown in Fig. 2, with 
the radio communication function. 

Although a transmission rate informing part 4a op- 
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erates in a similar manner to the transmission rate in- 
forming part 4 shown in Fig. 2, another transmission rate 
informing part 4b, contrary to the above, informs each 
node in the radio network or nodes to manage and con- 
trol the radio network of the transmission rate of the 
IEEE 1394 network. 

Similarly, while a communication capability inform- 
ing part 3a operates in similar manner to the communi- 
cation capability informing part 3 shown in Fig. 2, anoth- 
er communication capability informing part 3b informs 
each node in the radio network or nodes to manage and 
control the radio network of the information that it has a 
function to communicate with the IEEE 1394 network. 

A communication procedure converting part 5a 
processes the supplied data to convert the communica- 
tion procedure of the IEEE 1394 network and the com- 
munication procedure of the radio network mutually, and 
a signaling type converting part 6a processes the sup- 
plied data to perform the mutual conversion of the sig- 
naling type of the IEEE 1 394 network and the signaling 
type of the radio network, and outputs. With these func- 
tions, even when communication data of either of the 
IEEE 1394 or the radio transmission system is supplied, 
the data are converted into the communication data suit- 
able for the transmission configuration to transmit to. 

As for the identification information converting part 
7, it operates so as to convert mutually the identification 
information of the IEEE 1 394 network (in the IEEE 1 394, 
the bus ID, or the node ID of each node, or the address 
including these) and the identification information of the 
radio network. With this operation, even when data com- 
munication is performed to a different protocol, owing to 
conversion of identification information, the part where 
data are transmitted to or from becomes recognizable. 

The displaying part 8 is a displaying means to in- 
form users of the establishment of connection between 
the IEEE 1394 network and the radio network, being 
composed of, for example, the liquid crystal displaying 
part or LED and the like. For instance, with displaying 
the connecting condition between the IEEE 1394 net- 
work and the radio network on the displaying part 8, us- 
ers can instantly recognize the connecting condition. In 
case a device provided with the displaying function is 
connected in the IEEE 1394 network, the configuration 
may be formed to have the display outputting part 8 (not 
shown in the figure) output display data based on the 
connecting condition onto the device which is provided 
with the displaying function. In this way, users can rec- 
ognize the data without display on the displaying part 8. 

The connection condition confirming part 9, a newly 
provided part, is to confirm whether communication is 
possible, that is, whether node d (refer to Fig. 1) in the 
radio network, to which node c is connected, is connect- 
ed, then, supplies the confirmed results to the connec- 
tion condition confirming part 10. 

The connection condition confirming part 10 when 
the connection condition confirming part has confirmed 
the connecting condition, informs each node in the IEEE 
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1 394 network or nodes to manage and control the IEEE 
1 394 network of whether the connection of node d in the 
radio network is maintained. When the connection of 
node d is maintained, data communication to the radio 
network becomes possible. 

In the apparatus for connecting networks in this em- 
bodiment of the present invention, node c, which is con- 
nected to the I EEE 1 394 network, is provided with a con- 
trolling part 11 to manage and control the whole radio 
network. With this, node c is able to manage I D to all the 
nodes in the radio network and to control ID allocation 
and the like necessary for data communication. 

The transmission band ensuring part 12, when the 
IEEE 1394 network performs isochronous transmission, 
ensures the channels of transmission band as channel 
numbers required by each node d in the radio network. 

Suppose that one party of the communication net- 
work is the IEEE 1394 network : wherein isochronous 
signals for transmission are divided into five channels, 
the channels A, B, C, D and E, with transmission bands 
of 20 Mbps, 5 Mbps, 10 Mbps, 3 Mbps and 15 Mbps 
respectively. Suppose the other party of the communi- 
cation network is the radio network, wherein the maxi- 
mum transmission rate is, for example, 8 Mbps. Conse- 
quently, out of five channels (A to E) transmitted in the 
IEEE 1394, only the channel B and the channel D are 
able to be transmitted to the radio network. A transmis- 
sion band ensuring part 12 ensures only the signals of 
the channels B and D which are in the range of trans- 
mission band of the radio network, the other protocol. A 
transmission signal selecting part 13 selects the chan- 
nels required by the radio network out of channels 
(band) ensured by this transmission band ensuring part 
12, then, transmits them to the radio network. 

Thus, the transmission signalselecting part 13 se- 
lects only transmission signals based on the channel 
numbers ensured by the transmission band ensuring 
part 12 (isochronous packets from the IEEE 1394 net- 
work), then, transmits them to the radio netwbrk. When 
the data transmission is not directed to the radio network 
but to a network of other transmission system, the trans- 
mission band ensuring part 1 2 and the'transmission sig- 
nal selecting part 13 can select channels to meet the 
range of transmission band of the other network, and 
transmit data through selected channels. This enables 
isochronous transmission of data only which are neces- 
sary for data communication. 

Although this transmission band ensuring part is 
originally a means to perform isochronous resource 
management function (The IEEE 1 394 Standard) to en- 
sure the total transmission rate within the range of the 
maximum transmission rate in allocation of transmission 
band to each channel in IEEE 1 394, it may also be used 
to perform transmission band ensuring function for the 
transmission of different protocols. 

Next, the operation of the apparatus for connecting 
networks shown in Fig. 4 will be described in detail with 
reference to Fig. 5. 



Fig. 5 is a flow chart showing an example of con- 
trolling operation in the apparatus for connecting net- 
works. As for the simitar processes to the ones shown 
in Fig. 3, the description about them in Fig. 5 is marked 

s with the same symbols as in Fig. 3 and omitted. Also, 
each node, including node c in Fig. 4, is regarded, sim- 
ilarly to the embodiment of the present invention, to be 
connected in the same manner as shown in Fig. 1. 
First of all, in order to make a system, which is con- 

io figured by connecting the IEEE 1394 network with the 
radio network, transmissible, as shown in Fig. 5, in a 
similar manner to the embodiment of the present inven- 
tion, on the side of the IEEE 1394 network, the bus is 
configured by the IEEE 1394 communicating function 

15 provided in the communicating part for IEEE 1394 1a, 
every time of throwing-in of power source or of an in- 
crease/decrease of nodes while connecting/disconnect- 
ing them, and the bus configuration is determined. In 
other words, in a plurality of devices, the node ID of each 

20 node and the root node are determined. Further, one 
node out of a plurality of nodes a, b and c becomes the 
bus manager. In this example, again, node c is designed 
to become the bus manager. 

After that, node c, as bus manager, performs prep- 

25 arations necessary for data communication according 
to the procedure based on The IEEE 1394 Standard, 
and starts functioning as the IEEE 1 394 network. 

On the side of the radio network, node d is connect- 
ed to node c through the radio transmission system B 

30 and the communicating part for radio communication 2a 
of node c in the IEEE 1394 network. Consequently, node 
d and node c are in a connected condition as a radio 
network by the radio communication function of the 
communicating part for radio communication 2a of node 

35 c, and at the same time, they are in the functioning con- 
dition as a radio network (step S1 , step S2). 

At this time, the network function of node c makes 
each of nodes a and b or the nodes to manage and con- 
trol the IEEE 1 394 network (though not shown in the fig- 

40 ure, in case a plurality of nodes are provided besides 
nodes a and b) recognize through the communication 
capability informing part 3a that node c has the function 
to communicate with the radio network (step S3). At the 
same time, node c makes each of nodes a and b or 

45 nodes to manage and control the IEEE 1394 network 
recognize, through the transmission rate informing part 
4a, the maximum transmission rate transmissible for the 
radio network or the size of data transmissible at a time 
(step S4). 

50 Similarly, to the radio network, the communication 
capability informing part 3b informs each node in the ra- 
dio network that node c has the function to mediate com- 
munication with the IEEE 1394 network, and the trans- 
mission rate informing part 4b informs the transmission 

55 rate transmissible for the IEEE 1394 network or the size 
of data transmissible at a time, making the radio network 
side recognize these. 

As for the identification information (the bus ID and 
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the node ID in the IEEE 1394) to identify each node in 
the IEEE 1394 network and the radio network held by 
the functions of the communicating part for IEEE 1394 
1a and the communicating part for the radio communi- 
cation 2a respectively, it is converted by an identification 5 
information converting part 7 into the identification infor- 
mation suitable for each network, then, transferred. 
Thus, the identification information on nodes in each 
other's networks is shared. After that, each node obtains 
information to identify the party to communicate with af- to 
ter the procedure prescribed in each network. 

Further, node c, because it has the controlling part 
1 1 to manage and control the whole radio network, be- 
comes the node to manage and control the whole radio 
network following the procedure prescribed in the radio ts 
network. Each node in the radio network is informed, 
through the communicating part for radio communica- 
tion 2a, that node c is the node to manage and control 
the radio network. Thus, each node in the radio network 
is able to recognize that node c is the bus manager in 20 
the radio network. 

When the radio network has the function to perform 
synchronous transfer (isochronous transfer in the IEEE 
1 394), it is designed so as to get; the transmission band 
of the IEEE 1 394 network divided by difference in trans- 25 
mission band into each channel, the divided channels 
ensured as channel numbers, then, in order to perform 
data transmission in a prescribed range of transmission 
band responding to requests from the radio network, a 
channel number based on the transmission band trans- 30 
missible into the radio network selected by the transmis- 
sion signal selecting part 13 out of ensured channel 
numbers (step S20). 

With the operation described above, the prepara- 
tion for performing asynchronous/synchronous trans- 35 
mission between the radio network and the IEEE 1394 
network is completed. 

In order to ensure data transmission, reconfirmation 
of the connecting condition between the IEEE 1 394 net- 
work and the radio network is required. In this embodi- 40 
ment of the present invention, a connection condition 
confirming part 9 (shown in Fig. 3) confirms regularly or 
always whether node d in the radio network (refer to Fig. 
1 ) is connected to node c in the IEEE 1394 network (re- 
fer to Fig. 1). 45 

As a concrete method of confirming the connecting 
condition, there is, for example, monitoring the carrier 
from node d by the communicating part for radio com- 
munication 2a. If the signal level gets low or not receiv- 
able, this method determines that node d has gotten in so 
the non-connected condition from the connected condi- 
tion. Another possible method to determine the connec- 
tion confirmation is to emit the connection confirming 
signal for node d at regular intervals through the com- 
municating part for radio communication 2a, and to ob- 55 
tain the response to the connection confirming signal re- 
turned from node d. Consequently, the connection con- 
dition confirming part 9 confirms the connecting condi- 



tion of node d by applying such confirming methods 
(step S21 ). As for the connection confirming work by the 
connection condition confirming part 9, it may be con- 
figured so as to perform it, for example, before data com- 
munication and so as not to perform the connection con- 
firming work during the period of data communication. 

The information on the connecting condition, which 
is confirmed in the way described above, is sent by a 
connection condition confirming part 10 to each node in 
the IEEE 1394 network (in Fig. 1, node a, node b) 
through the communicating part for IEEE 1394 la. In 
the case of an increase/decrease of nodes, except node 
d, arises in the radio network, after finishing the process 
of an increase/decrease of nodes in the radio network, 
the connection condition confirming part 9 confirms the 
increase or decrease of nodes, and the information is 
sent to each node in the IEEE 1 394 network in a similar 
manner. When an increase/decrease of nodes arises in 
the radio network, the IEEE 1394 network may issue the 
bus reset and reconstruct the bus. Or it does not have 
to. In this case, the configuration may be designed so 
as to change the correspondence of identification infor- 
mation to convert at the identification information con- 
verting part 7 in the network device. 

Then, when the preparation for the signal transmis- 
sion between the IEEE 1 394 network and the radio net- 
work is finished, a displaying part 8 provided in node c 
displays that the preparation is completed, and with this, 
users become able to recognize it. 

Next description will be given on two methods of 
performing asynchronous transmission and synchro- 
nous transmission (isochronous transfer) when, by us- 
ing a similar network connecting configuration (refer to 
Fig. 1 ), signals are transmitted from node a in the IEEE 
1 394 network to node d in the radio network. 

In the first place, the case of asynchronous trans- 
mission will be described. When the I EEE 1 394 network 
and the radio network are ready for signal transmission 
as stated above, node a (suppose the bus ID = 0, the 
node ID = 0) designates node d (suppose the bus ID = 
1 1 the node ID = 0) as the destination and emits the data 
to transmit, which have been stored in a packet in con- 
formity with the format prescribed by the IEEE 1 394 net- 
work. The packet emitted from node a (since the data 
are transmitted from a to d, they will be referred to as, 
for example, the packet ad) is received, through node 
b, by the communicating part for IEEE 1394 laof node 
c. 

Then, the packet ad received by the communicating 
part for IEEE 1394 1a has its packet configuration ter- 
minated and sent to the communication procedure con- 
verting part 5a, to the signaling type converting part 6a, 
and to the identification information converting part 7. 
At this time, in the communication procedure converting 
part 5a generates signals, which are required for 
processing the procedure necessary for sending signals 
in the radio network from node c to node d. The signaling 
type converting part 6a converts the information and da- 
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ta, which have been stored in the packet ad, into the 
format required by the radio network, and at the same 
time, adds information, if there is any necessary for the 
radio network but unnecessary for the IEEE 1394 net- 
work {step S5, step S6). 

At the identification information converting part 7, 
the identification information in node d, from the stand- 
point of the IEEE 1394 network which is designated as 
the destination of the packet ad, i.e., the information 
such as the bus ID = 1, the node ID = 0) is converted 
into the identification information held by node d as a 
node in the radio network (e.g., ID = 2). Concretely, the 
conversion to be done is; conversion of number of bits 
(e.g., in the IEEE 1 394, 10 bits for the bus ID and 6 bits 
for the node ID makes 16 bits, and this 16 bits should 
be converted to 10 bits tor the radio network), addition/ 
deletion of offset address (e.g., deletion of the bus ID of 
the IEEE 1394 as offset address), preparation of a list 
of the identification information on nodes in both net- 
works, and conversion based on the list. 

Thus, the packet ad, after being converted by the 
communication procedure converting part 5a, the sign- 
aling type converting part 6a and the identification infor- 
mation converting part 7 into the format, procedure and 
identification information suitable for the radio network, 
is sent as the packet ad' to node d by way of the com- 
municating part for radio communication 2a. 

At this stage, if node d, which has received the pack- 
et ad', needs to return some response (hereinafter re- 
ferred to as ACK) to node a according to the communi- 
cation procedure in the radio network, the ACK emitted 
from node d beaming to node a (in this case, named 
ACK da) is received at the communicating part for radio 
communication 2a of node c, then, supplied to the com- 
munication procedure converting part 5a, the signaling 
type converting part 6a, and the identification informa- 
tion converting part 7. After that, ACK da, being supplied 
to the communication procedure converting part 5a : the 
signaling type converting part 6a, and the identification 
information converting part 7, undergoes a reverse 
process of the conversion of the packet ad into the pack- 
et ad'; conversion into the format, procedure and the 
identification information suitable for the IEEE 1394 net- 
work. 

At this time, if there is any difference in the code of 
ACK between the IEEE 1 394 network and the radio net- 
work (for example, while the code to indicate normal re- 
ceiving at node d is 0, the expected value indicated by 
ACK as normal receiving at node a is 1 ), the signaling 
type converting part 6a decodes the code of ACK da 
sent from node d, and converts it into a code which has 
the same meaning for node a. The converted ACK da 
is emitted as ACK da' by the communicating part for 
I EEE 1 394 1 a for node a. In this example, the response 
from node d to the received data is described. In the 
case when node a, for example, requests node d to com- 
municate some data again, the answering packet from 
node d to node a (hereinafter referred to as the packet 



da) is given a similar process to the case of ACK da in 
node c : and emitted as the packet da* from node c to 
node a. The transmission of a packet from node d to 
node a is also performed by similar operations. 
5 This enables asynchronous data communication 
from node a to node d which is securely connected to a 
different protocol. 

Next, a case of isochronous transfer will be dis- 
cussed. 

io The radio network in this example will be described 
assuming that it has the similar transmission function to 
the IEEE 1394 network, that is, it is a network with the 
mode which can perform isochronous transmission. Al- 
so, sending/receiving data will be discussed on the case 

is when it is performed through transmission signals which 
have some identification information to identify packets 
to be received by nodes in the radio network (hereinafter 
referred to as the radio channel number). 

The channel number ensured by the transmission 

20 band ensuring part 1 2 at request from the radio network, 
in other words, the channel number (suppose it as 3) 
which is supposed to be received by node d in the radio 
network, is acquired by node a in the method provided 
by the IEEE 1394 network, stored in an isochronous 

25 transmission packet (in this case, referred to as the Iso 
packet ad), and emitted to the IEEE 1 394 network in a 
commensurate size to the transmission rate informed at 
the transmission rate informing part 4a. 

After that, the Iso packet ad is received by the com- 

30 municating part for IEEE 1394 1a of node c through 
node b. The received Iso packet ad has its packet con- 
figuration terminated, supplied, in a similar manner to 
the example of asynchronous transmission, to the com- 
munication procedure converting part 5a, the signaling 

35 type converting part 6a and to the identification informa- 
tion converting part 7 to undergo similar processes to 
the example of asynchronous transmission (step S5, 
step S6). However, in the Iso packet ad, the channel 
numbers are stored instead of the identification informa- 

40 tion to indicate the node of destination (in the example 
of asynchronous transmission, the bus ID, or the node 
ID), and this channel number (in this example, 3) is con- 
verted by the identification information converting part 
7 into a radio channel number in the radio transmission 

45 network (step S20). 

The I so packet ad, being th us converted into the for- 
mat, procedure and identification information suitable 
for synchronous transmission in the radio network, is 
emitted as the Iso packet ad' through the communicating 

50 part for radio communication 2a to the radio network. 
Node d receives the Iso packet ad' in the procedure pre- 
scribed in the radio network, because the radio channel 
number of the Iso packet ad', which has been transmit- 
ted through the radio network, is the radio channel 

55 number to receive (step S7). 

In the radio network, if returning some response is 
also required in isochronous transmission, the response 
packet from node d is received by the communicating 
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part for radio communication 2a of node c, but is deter- 
mined as unnecessary data for the IEEE 1394 network 
at the communication procedure converting part 5a. It 
means that the packet is not sent to node a. 

The next case described is, sending/receiving of 5 
data is performed, not by identifying the radio channel 
number of the packet to receive for nodes in the radio 
network, but, in a similar manner to asynchronous trans- 
mission, by using the identification information of the 
node of destination (e.g., for node d, ID = 2). io 

In this case, the channel number (similarly to above, 
3) of the packet from the IEEE 1394 network (similarly 
to above, the I so packet ad) needs conversion at the 
identification information converting part 7 into the iden- 
tification information of the node (similarly to above, for is 
node d, ID = 2) which is to receive the packet in the radio 
network. 

An example of concrete method is; node d sends a 
request-to-send for isochronous transmission data to 
node a, and node a, in response to it, informs node d of 20 
the channel number to be used, and through this series 
of procedures the correspondence is identified between 
the channel number of the Iso packet ad, which is emit- 
ted by node a, and ID = 2 for node d which is receiving 
it. Another example is; to make a configuration so as to 2s 
have a node which convergently manages channel 
numbers and the identification information of nodes to 
send to/to receive from, and an inquiry to the node gives 
the correspondence between the channel numbers and 
the identification information of nodes in the radio net- 30 
work. 

Then, the channel number 3 is converted to ID = 2 
of node d, the node of destination, and the Iso packet 
ad, being converted into the format, procedure and iden- 
tification information suitable for synchronous transmis- 35 
sion in the radio network, is emitted as the Iso packet 
ad\ through the communicating part for radio commu- 
nication 2a : to the radio network similarly to the embod- 
iment of the present invention. On the other side, node 
d receives the Iso packet ad' in the method prescribed 40 
in the radio network. 

As described above, this embodiment brings about 
not only the effects similar to the embodiment, but also 
enables data communication, which node a to node c in 
the IEEE 1394 network perform regardless of whether 45 
the transmission system to deal with is of the IEEE 1 394 
or of the radio transmission system of different protocol. 

In the IEEE 1394 network, including the apparatus 
for connecting networks which is configured in accord- 
ance with the present invention, each node is informed so 
of the maximum transmission rate v of the transmission 
system of a different protocol (the radio system) by the 
transmission rate informing part 4 (refer to Fig. 2) or the 
transmission rate informing part 4a (refer to Fig. 3) in 
node c, and the data can be transmitted in a size based ss 
on the maximum rate informed. That is, to the apparatus 
for connecting networks (node c), which performs data 
transmission to the radio network, data is supplied being 



divided into the size based on the maximum transmis- 
sion rate. With this, node c can transmit data to the radio 
network in the minimum buffer memory size and real 
time. Such an embodiment of this is shown in Fig. 6. 

Fig. 6 is a block diagram illustrating the configura- 
tion of the principal part of each digital interface provided 
in node a to node c in the IEEE 1394 network (refer to 
Fig. 1). 

As shown in Fig. 6, a signal processing part 30 is 
provided in each device of node a to node c. In other 
words, these signal processing part 30 perform signal 
processing required for data communication, then, sup- 
ply the data to the signal dividing part 15. 

A signal dividing part 1 5 divides the data to transmit 
from the signal processing part 30 into the size corre- 
sponding to the maximum transmission rate in the radio 
network, which has been informed by the transmission 
rate informing part 4 in Fig. 2 or by the transmission rate 
informing part 4a in Fig. 4, then, supplies the data 
through the IEEE 1394 network to the communicating 
part 1 for the line transmission system (it operates sim- 
ilarly to the communicating part for the transmission sys- 
tem A shown in Fig. 2). With this, the data can be trans- 
mitted to the radio network in the minimum size of buffer 
memory provided in node c, and moreover, in the con- 
dition as they are and real time. 

One example of this will be described with reference 
to Fig. 7. Fig. 7 is an explanatory drawing illustrating da- 
ta transmission between the IE EE 1 394 network and the 
radio network. 

Suppose an example, as shown in Fig. 7, with the 
radio transmission system which can transmit at 10 Mb- 
ps, and with a channel whose signal is 10 Mbps. The 
channel is in the IEEE 1394 transmission system with 
the speed of 100 Mbps. The concept to send the channel 
to a node in the radio transmission system is as follows: 
For instance, when 10 Mbps is sent on the iso- 
chronous cycie of the IEEE 1394 (in the figure, shown 
as the cycle start packet) at every 125 ji s, it is possible 
to send it optionally divided. For example, at a first and 
a second cycles 1250/2 bits each is sent, and from a 
third to tenth cycles nothing is sent. Even though this 
pattern is repeated cyclically, sending at 1 0 Mbps is pos- 
sible. However, such unbalanced dividing requires buff- 
er in order to transmit to the radio system. Accordingly, 
dividing equally minimize the buffer size. Transmission 
on the IEEE 1394 in the size divided for every 1250 bits 
per cycle enables, as shown in Fig. 7, to minimize the 
buffer size for conversion of the IEEE 1 394 protocol into 
the radio protocol. 

In this embodiment, suppose that signals are sent 
from node a to node d shown in Fig. 1 . As stated above, 
when the preparation in the IEEE 1394 network and the 
radio network is completed, and when asynchronous or 
synchronous transmission is performed, the data from 
the signal processing part 30 of the device are divided 
into the maximum size of signals to be transmitted by 
the radio network, the size recognized through informa- 
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tion from the transmission rate informing part 4 (or the 
transmission rate informing part 4a). then, are transmit- 
ted, being as they are, to the IEEE 1394 network by the 
communicating part 1 for the IEEE 1394. Thus, the data 
are divided into the maximum size in the radio network, $ 
and the signals of them are transmitted through node c 
and the radio transmission system to node d in the radio 
network. 

Consequently, with this embodiment, even when 
two different protocols are connected, the signal dividing 10 
part 15 divides the data to transmit into the size based 
on the maximum transmission rate of the radio trans- 
mission system, and transmits them, enabling real time 
data transmission in both of the IEEE 1 394 network and 
the radio network. Further, in addition to the isochronous is 
transmission utilizing the advantages of the IEEE 1 394, 
any data required become transmissible by adding the 
data to the divided data. 

While the present invention has been described 
above with respect to embodiments thereof, wherein an 20 
example described is of data transmission between the 
IEEE 1394 network and the radio network, it should be 
understood that the present invention should not be lim- 
ited only to the networks but may also be applied to con- 
figure a network which is connected by two different pro- 2s 
tocois, whether wire or wireless. Even in this case, the 
same advantages as in the embodiments are available. 

It is obvious that the present invention is, without 
any departure from the spirit and scope of it, able to be- 
come the basis of configuration for different aspects of 30 
embodiments in a wide scope. The present invention 
should not be limited, except by the appended claims, 
only to these embodiments. 

35 

Claims 

1 . An apparatus for connecting networks, comprising: 

a communicating means which is able to com- *o 
municate in either protocol of a first and second . 
transmission systems whose protocols are dif- 
ferent; 

a communication capability informing means 
for informing a device connected with at least *s 
one of said first and second transmission sys- 
tems of thai communication is possible with a 
device connected wilh the other transmission 
system; 

a transmission rate informing means for inform- so 
ing a device connected with the other transmis- 
sion system of the transmission rate based on 
at least one of said first and second transmis- 
sion systems; 

a communication procedure converting means ss 
for converting the communication procedure 
based on at least one of said first and second 
transmission systems into the communication 



procedure based on the other transmission 
system; and 

a signaling type converting means for convert- 
ing the signaling type based on at least one of 
said first and second transmission systems into 
the signaling type based on the other transmis- 
sion system. 

2. An apparatus for connecting networks, comprising: 

a first communicating means having, when a 
plurality of devices are connected with each 
other by a predetermined topology through a 
first transmission system, a function to perform 
communication with said plurality of devices 
connected with said first transmission system; 
a second communicating means having, when 
a plurality of devices are connected with a sec- 
ond transmission system whose protocol is dif- 
ferent from that of said first transmission sys- 
tem, a function to perform communication with 
devices connected with said second transmis- 
sion system; 

a communication capability informing means 
for informing, through said first communicating 
means, all the devices connected with said first 
transmission system of that communication is 
possible with the devices connected with said 
second transmission system; 
a transmission rate informing means for inform- 
ing, through said first communicating means, 
all the devices connected with said first trans- 
mission system of the maximum transmission 
rate of said second transmission system; 
a communication procedure converting means 
for converting the communication procedure 
based on said first transmission system into the 
communication procedure based on said sec- 
ond transmission system; and 
a signaling type converting means for convert- 
ing the signaling type based on said first trans- 
mission system into the signaling type based 
on said second transmission system. 

3. An apparatus for connecting networks according to 
claim 1 or 2, characterized in that said communica- 
tion capability informing means is capable of inform- 
ing both of said first and second transmission sys- 
tems of that communication is possible with devices 
connected with at least one of said first and second 
transmission systems, said transmission rate in- 
forming means is capable of informing both of said 
first and second transmission systems of the max- 
imum transmission rate in at least one of said first 
and second transmission systems, said communi- 
cation procedure converting means is capable of 
mutual conversion of the communication proce- 
dures based on each of said first and second trans- 



11 

BNSDCCID: <EP 0844769A 1 _l_> 



21 



EP 0 844 769 A1 



22 



mission systems, and said signaling type convert- 
ing means is capable of mutual conversion of the 
signaling types based on each of said first and sec- 
ond transmission systems. 

5 

An apparatus for connecting networks according to 
claim 1 or 2, comprising an identification information 
converting means which is capable of mutual con- 
version of identification information of each device 
connected with said first transmission system and 10 
identification information of each device connected 
with said second transmission system. 

An apparatus for connecting networks according to 
claim 1 or 2, comprising a displaying means for *s 
making users recognize that the connection of said 
second transmission system is established with 
said first transmission system. 

An apparatus for connecting networks according to 20 
claim 1 or 2, comprising a connecting condition con- 
firming means which is connected with said second 
communication means to determine whether the 
connecting condition is maintained on all the devic- 
es connected with said second transmission system 2s 
and to output the determined results using said sec- 
ond communicating means; and a connecting con- 
dition informing means for informing all the devices 
connected with said first transmissbn system of the 
determined results from said connecting condition * 30 
confirming means. 

An apparatus for connecting networks according to 
claim 1 or 2, comprising a controlling means which 
is capable of controlling all the devices connected 35 
with at least one of said first and second transmis- 
sion systems. : - 

An apparatus for connecting networks according to 
claim 1 or 2, comprising a transmission band ensur- 40 
ing means for recognizing and ensuring the trans- 
missible transmission band for said second trans- 
mission system and a transmission signal selecting 
means for selecting a channel number which corre- 
sponds to the transmission band ensured by said 4$ 
transmission band ensuring means and for trans- 
mitting signals based on the selected channel 
number through said second communicating 
means to said second transmission system when 
said first communicating means has a function to so 
divide the transmission band into channels and a 
function to manage these signals of divided trans- 
mission band using channel numbers. 

An apparatus for connecting networks according to ss 
claim 8, characterized in that each of all the devices 
for connecting in said first transmission system, 
which are connected with said second transmission 



system by said apparatus for connecting networks, 
is provided with a signal dividing means to divide 
signals to transmit into the signal size based on the 
transmission rate informed by said transmission 
rate informing means. 

10. An apparatus for connecting networks according to 
claim 2, characterized in that either of said first and 
second transmission systems is the IEEE 1394 
transmission system which is capable of iso- 
chronous transmission. 

11. A method of connecting networks, comprising: 

a communication process which is capable of 
commun icating with either protocol of a first and 
second transmission systems whose protocols 
are different; 

a communication capability informing process 
of informing the devices connected with at least 
one of said first and second transmission sys- 
tems of that communication is possible with the 
devices connected with the other transmission 
system; 

a transmission rate informing process of in- 
forming the devices connected with the other 
transmission system of the transmission rate 
which is based on at least one of said first and 
second transmission systems, 
a communication procedure converting proc- 
ess of converting the communication proce- 
dure based on at least one of said first and sec- 
ond transmission systems into the communica- 
tion procedure based on the other transmission 
system; and 

a signaling type converting process of convert- 
ing the signaling type based on at least one of 
said first and second transmission systems into 
the signaling type based on the other transmis- 
sion system. 

12. A method of connecting networks, comprising: 

a first communicating process for, when a plu- 
rality of devices are connected with each other 
by a prescribed topology through the first trans- 
mission system, performing communication 
between said plurality of devices connected 
with said first transmission system; 
a second communicating process for, when a 
plurality of devices are connected with said sec- 
ond transmission system whose protocol is dif- 
ferent from that of said first transmission sys- 
tem, performing communication between said 
plurality of devices connected with said second 
transmission system; 

a communication capability informing process 
of informing all the devices connected with said 
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first transmission system of that communica- 
tion is possible between devices connected 
with said second transmission system; 
a transmission rate informing process of in- 
forming all the devices connected with said first 
transmission system of the maximum transmis- 
sion rate of said second transmission system; 
a communication procedure converting proc- 
ess of converting the communication proce- 
dure based on said first transmission system in- 
to the communication procedure based on said 
second transmission system; and 
a signaling type converting process of convert- 
ing the signaling type based on said first trans- 
mission system into the signaling type based 
on said second transmission system. 

13. A method of connecting networks according to 
claim 12, characterized in that said communication 
capability informing process is able to inform both 
of said first and second transmission systems of 
that communication is possible with devices con- 
nected with at least one of said first and second 
transmission systems, said transmission rate in- 
forming process is able to inform both of said first 
and second transmission systems of the maximum 
transmission rate in at least one of said first and sec- 
ond transmission systems, said communication 
procedure converting process is able to convert mu- 
tually the communication procedures based on said 
first and second transmission systems respectively, 
and said signaling type converting process is able 
to convert mutually the signaling types based on 
said first and second transmission systems respec- 
tively. 

14. A method of connecting networks according to 
claim 12 or 13, comprising a displaying method for 
making users recognize that connection of said sec- 
ond transmission system with said first transmis- 
sion system is established. 

15. A method of connecting networks according to 
claim 12 or 13, comprising: 

a connecting condition confirming process for 
determining, through said second communicat- 
ing process, whether connecting condition is 
maintained on all the devices connected with 
said second transmission system, and output- 
ting the determined results; and 
a connecting condition informing process of in- 
forming ail the devices connected with said first 
transmission system of the determined results 
from said connecting condition confirming proc- 
ess. 

16. A method of connecting networks according to 



claim 12, comprising a controlling process which is 
capable of controlling all the devices connected with 
at least one of said first and second transmission 
systems. 

5 

17. A method of connecting networks according to 
claim 12, comprising a transmission band ensuring 
process of recognizing and ensuring the transmis- 
sion band transmissible for said second transmis- 

10 sion system, and a transmission signal selecting 
process for selecting the channel numbers corre- 
sponding to the transmission band ensured by said 
transmission band ensuring process, and for trans- 
mitting the signals based on the selected channel 

is number to said second transmission system by said 
second communication process. 

18. A method of connecting networks according to 
claim 17, characterized in that each of all the con- 

20 necting devices in said first transmission system, 
which are connected by said method of connecting 
networks with said second transmission system, is 
provided with a signal dividing process of dividing 
the signal to transmit into the signal size based on 

25 the transmission rate informed by said transmission 
rate informing process. 
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